Classical tone conditioning shifts frequency tuning in the auditory cortex to favor processing of the conditioned stimulus (CS) frequency versus other frequencies. This receptive field (RF) plasticity is associative, highly specific, rapidly acquired, and indefinitely retained--all important characteristics of memory. The investigators determined whether RF plasticity also develops during instnunental learning. RFs were obtained before and up to 24 hr after 1 session of successful 1-tone avoidance conditioning in guinea pigs. Long-term RF plasticity developed in all subjects (N = 6). Two-tone discrimination training also produced RF plasticity, like classical conditioning. Because avoidance responses prevent full elicitation of fear by the CS, long-term RF plasticity does not require the continual evocation of fear, suggesting that neural substrates of fear expression are not essential to RF plasticity.
cated with atropine sulfate (0.02 mg/kg ip) and anesthetized with sodium pentobarbital (45 mg/kg, ip). A craniotomy was performed over the left auditory cortex. Subjects in the main experiment (N = 6) had a microelectrode array implanted in the anterior tonotopic auditory cortical field while responses to acoustic stimuli were monitored. The array consisted of four to eight insulated tungsten microwires (50 ~m, ~ 1-3 MI2 at 1 kHz, spaced 300 Ixm apart along the anteroposterior low-frequency to high-frequency axis). Electrode depth was set for recording from infragranular layers, as previously reported . The array was cemented in place within a pedestal of dental acrylic that provided for atraumatic fixation of the head during recording periods. (Subjects in a supplementary discrimination study IN = 4] received only a single microelectrode.) After approximately 1 week of recovery, electrodes were tested daily for neuronal activity. When at least one electrode exhibited tuned discharges to pure tones, with a signal-to-noise ratio of at least 3:1, the experimental protocol was initiated. At the termination of the experiment, subjects were euthanized (100 mg/kg sodium pentobarbital ip). All procedures were performed in accordance with University of California Animal Research Committee and National Institutes of Health guidelines.
RF Determination and Neural Recording
Frequency RFs were obtained before and after avoidance training while the awake subject rested in a hammock with its head stabilized, within a large acoustic chamber (IAC Industries, Bronx, NY). Tones were delivered by a calibrated speaker (Realistic) placed firmly against the ear canal contralateral to the recording site. RFs were determined by presenting 20 repetitions of an ascending frequency sequence consisting of 11 isointensity tone bursts generated by a digital synthesizer under computer control (50-ms duration, 5-ms rise-fall times, 450-ms intertone interval, 700-ms intersequence interval). RFs were determined in the main experiment (see later discussion) at 10-dB intervals, generally from 0 to 80 dB. (Only a few intensities were used for the supplementary discrimination observations.)
Neuronal activity was amplified, filtered (300-3000 Hz, Dagan Instruments Model 2400, Minneapolis MN), and displayed on a storage oscilloscope. Discharges were voltage discriminated, yielding recordings from unit clusters, usually of two to four waveforms. Waveforms were photographed before and after avoidance training and compared. Any suspect electrodes were eliminated from further consideration. The voltage discriminator's output pulses, signifying the times of occurrence of action potentials, were stored on a minicomputer for use in off-line construction of peristimulus time histograms and quantitative data analysis.
Avoidance Training: Apparatus and Analysis
Subjects were trained in a running wheel (25-cm diameter, 8.75-cm width with grid floor consisting of .313-cm in. stainless steel bars separated by 1.25 cm) placed directly beneath (37.5 cm) a free-field speaker (Realistic Minimus-7). The entire apparatus was contained in a small acoustic isolation chamber (IAC Industries, Bronx, NY). Pure tones were generated by a frequency oscillator (202CR, HewlettPackard), shaped (10 ms rise-fall time, Coulbourn Instruments $84-04 Rise/Fall Gate), and attenuated (Coulbourn Instruments $85-08 Attenuator) as needed to deliver a stimulus level of 80 dB, calibrated at the level of subjects' heads (B&K Instruments, Fullerton, CA). Footshock (200 Hz, 1-10 mA, stimulus isolation unit SIU6, Grass Instruments, Quincy MA) was delivered through the wheel's grid floor. Electrode cream (EKGsol, Bendix, Rochester NY) was applied to each of the subject's four paws before behavioral training and reapplied as needed during training.
Wheel movement was detected by a photodetector circuit counting interruptions in a light beam caused by a disk perforated with holes (every 6 ° ) rotating on the same axis as the running wheel. Each detected pulse was recorded on computer (Apple lie) for use in on-line construction of a running raster and histogram and off-line quantification of running behavior. In addition, all wheel movements and stimulus timing pulses were written out on-line (Model 7 polygraph, Grass Instruments, Quincy, MA). Avoidance performance was quantified by tallying the number of successful avoidances for successive blocks of 10 trials.
Protocol
Subjects were tested for neuronal responses to tone frequently after recovery from surgery. On attainment of satisfactory recordings (usually 3-10 days postoperatively), RFs were determined from all probes that yielded clear tuning curves. The subject was then transferred to the running wheel that was contained in a different acoustic chamber. Immediately after completion of the training session, the subject was returned to the recording apparatus in the original acoustic chamber, and posttraining RFs were determined again. The subject remained in the recording chamber for 1 hour, at which time RFs were determined again if recordings were acceptable. In 2 subjects, adequate RFs were also obtained 24 hours later.
In the main experiment, subjects underwent one-tone instrumental avoidance training. A 6-s tone (CS) was presented followed by a 2-s footshock (Sh) at CS offset. The CS was selected to be a frequency that was not the BF. If the subject rotated the wheel at least 90 ° during CS presentation, the CS was terminated and the shock was not presented. Subjects were trained in a single session until they attained a criterion of 70% avoidances within a 10-trial block. No subject was trained more than 60 trials (mean intertrial interval = 90 s; range = 60-120 s). Supplemental observations were obtained for two-tone discrimination training (n = 4). The same protocol was used for the first 20 to 30 trials followed by introduction of a second tone (CS-; located on the opposite side of the BF from the CS+ on half the trials for 60 to 100 trials. The CS-was not followed by shock; criterion running during the CS-extended its duration until the subject remained motionless for at least 3 s.
Analysis of RFs
The evoked neuronal responses to each tone were calculated by subtracting the average spike rate 100 ms before an auditory stimulus from the average spike rate obtained during the auditory stimulus, within a time window set to "frame" the acoustic response. A typical window began 10 ms after tone onset and included all activity during next 30 ms. The same window was used for all recordings from the same electrode.
To quantify the effect of training on RFs, we calculated the change in response to the CS relative to the change in response to the BF, as used previously . For each intensity, the rate of discharge to the CS was divided by the rate of discharge to the BF. The change in this CS-BF ratio was calculated as follows for each posttime period based on the response in spikes per second:
Change in CS-BF = (post-CS/Post-BF) -(Pre-CS/Pre-BF).
An increased response to the CS relative to the BF produces a positive change in the ratio. The criterion for RF plasticity was that the difference between the posttraining CS-BF ratio and the pretraining CS-BF ratio had to be at least 0.1 for a majority of stimulus intensities at the posttraining interval under analysis. Requiring that a majority of differences were greater than 0.1 increases the probability that the RF plasticity occurred consistently across intensity . In any event, the actual ratio differences were much greater than the criterion, as reported later. Because only a few intensities were used to obtain RFs for the supplementary discrimination subjects, no such criterion of plasticity was applied to these data.
Results

Single-Tone Instrumental Avoidance Conditioning: Behavior
All subjects learned to avoid Sh presentation by running in the wheel. Figure 1A presents an example for one guinea pig. During the first 10-trial block, this subject hardly moved the wheel during CS presentation, as indicated by the lack of activity in the running record ( Figure 1A , top). Failing to rotate the wheel 90 ° , the subject received shock on each trial, which caused unconditioned movement. 1 This subject attained the avoidance criterion during the fifth block of training . This is evidenced by the significantly different running pattern ( Figure 1A , bottom). After an initial orienting response to the CS onset (observational notes), the subject began to locomote in the wheel and continued to do so until CS offset. A close inspection of the raster record indicates that this subject failed to rotate the wheel sufficiently to avoid shock on the first two trials (the first two lines of the raster) but successfully avoided shock on the last eight trials of the block.
Group performance is summarized in Figure lB . Subjects attained the avoidance criterion (70% within a block) at different rates: Block 3 = 1 subject; Block 5 = 2 subjects; Block 6 = 3 subjects. The group function shows an increase in percentage of avoidance from an initial value of 20% during the first block of 10 trials to approximately 75% correct performance during Trial Block 6.
RF Plasticity in One-Tone Instrumental Avoidance Conditioning
Acceptable RFs were obtained from 25 microelectrodes in the 6 subjects (median = four probes per subject). There were a total of 208 RFs across subjects, probes, and stimulus intensities (median intensities per probe = eight). CS-specific RF plasticity was observed in all subjects. Responses to the frequency of the CS were increased, whereas responses to other frequencies, including the pretraining BF, were decreased. An example is shown in Figure 2 . Before training, the cells were responsive to a wide range of frequencies (from 1.0-20.0 kHz; Figure 2A , dashed line). The BF was 10.0 kHz. The CS was selected to be 4.0 kHz. The RF was changed immediately after the single session of successful avoidance training ( Figure 2A , solid line). Responses to most higher frequencies (8-16.0, 20.0 kHz), including the BF, decreased. Also there was an increased response to the frequency of the CS. The overall result was a retuning of the RF by behavioral training: The cell's BF shifted toward the frequency of the CS, from 10.0 kHz pretraining to 6.0 kHz posttraining. The effects of training can be seen in the RF difference function, obtained by subtracting the pretraining RF from the immediate posttraining RF. This reveals that the largest increase was to the frequency of the CS ( Figure 2B , filled arrowhead). In addition, the response to the pretraining BF ( Figure 2B , open arrowhead) and adjacent frequencies decreased markedly.
RF plasticity is a systematic modification of neuronal response characteristics, as evidenced by the observations that (a) similar modifications occur at many intensities for the same neurons and (b) these modifications are maintained at the 1-hour retention period. An example is given in Figure 3 , which shows RFs and RF difference functions at 10, 40, and 80 dB for pretraining and 1 hour posttraining periods for the same subject. The CS was 10.0 kHz; the BFs varied across intensity. At each intensity the maximal increase was at the frequency of the CS, and at each intensity responses to the BF (and other frequencies) decreased. The result was a shift of tuning; the frequency of the CS became the new BF at each intensity regardless of whether the pretraining BF was lower (10 and 80 dB) or higher (40 dB) than the CS frequency. Note also the high degree of specificity. For example, at all intensities the responses are increased to the CS frequency of 10.0 kHz but decreased to the adjacent higher frequency of 12.0 kHz, only 0.20 octaves above the CS frequency.
In general, the maximum increase in RFs was at the frequency of the CS, and the maximum decrease in RFs was at the pretraining BF. This outcome was tallied for all 208 receptive fields in the experiment and was highly significant, ×2 (1) = 58.081,p < .0001.
RF plasticity was quantified by calculating the change in the CS-BF ratio induced by avoidance training. Increases in the CS-BF ratio indicate an increased response to the frequency of the CS relative to the BF after behavioral training. Immediately after one-tone avoidance training, each subject had at least one recording that met the criterion for RF plasticity. Specifically, 13 of 25 recordings had increased CS-BF ratios at a majority of intensities tested. In contrast, in only 2 of 25 recordings did decreased CS-BF ratios develop at a majority of intensities tested. This difference was statistically significant (binomial test, p < .007; Table 1 ).
One hour after training, retention data were obtained for five of six subjects. In all subjects, RF plasticity was retained at this 1-hour retention test. Again, most recordings (14 of 22) exhibited increased CS-BF ratios at a majority of intensities; only 4 of 22 exhibited decreased ratios (binomial test,p < .031; see Table 1 ). Further, 10 of 13 recordings that met the RF plasticity criterion immediately after training also expressed the same effect at 1 hour (binomial test,p < .002; see Table 1 ). In contrast, neither of the two recordings with a majority of decreased CS-BF ratios expressed the same effect at 1 hour, indicating that although the increases in CS-BF ratios were Note that this does not necessarily mean that the subject had not learned the relationship between the CS and the US. By 10 trials, all subjects learned that the CS predicts the US (Lennartz & Weinberger, 1992a ; unpublished observations); they simply have not learned that moving the wheel will prevent US presentation. Instead, during CS presentation within the wheel, subjects initially orient to the CS and then freeze, the typical unconditioned response during classical conditioning. The first 10 trials of instrumental conditioning in the wheel are often de facto classical conditioning trials because the US is always presented whenever the subject fails to emit the proper behavior.
recordings that attained the criterion of CS-specific increases of RF plasticity and those that did not reach the criterion (2 cases that attained a criterion of CS-specific decreases plus 10 cases of no change). The mean CS-BF change for immediate posttraining was 1.63 (---0.55 SE, n = 13), or a 63% increase.
For the 1-hour retention period, the mean CS-BF change was 2.16 (---1.06, n = 14), a 116% increase in the CS-BF ratio. Not surprisingly, both values were significantly greater than cases in which the criteria of CS-specific increase were not met, Immediate, t(23) = 3.58,p < .002; 1 hour, t(20) = 2.24,p < .037. Histogram of running from block of 10 trials early in avoidance training for 1 subject. In this block, the subject failed'to avoid a single footshock (Sh; no marks under "Avoid?" heading). Note the burst of running at Sh onset (downward time mark labeled Sh). (A, bottom) Histogram from a block of 10 trials late in the same subject's training session; the subject successfully avoided 8 of the l0 trials (marks under "Avoid?" heading identify successful avoidance trials). (CS = conditioned stimulus.) (B) Avoidance performance (M +_ SD) for the entire group (N = 6) of subjects illustrating steady improvement in avoidance performance. Numbers above trial blocks indicate the number of subjects contributing to each mean, as they reached criterion (see Method) after various numbers of trial blocks. consistent over time, the decreased ratios appear to be random. Twenty-four-hour retention data could be obtained from only 2 subjects. In both cases, the subjects had recordings that met the criterion for RF plasticity.
The magnitude of change was calculated by determining the mean CS-BF ratio (across intensities) for each of the 25 recordings. These were then averaged separately for the
Discrimination Training
Discrimination training in classical conditioning produces RF plasticity , so we obtained supplemental observations of discriminative avoidance conditioning. Because the main avoidance experiment showed long-term plasticity across the full range of stimulus intensities in many electrodes per subject, the discrimination observations were limited mainly to immediate posttraining, to only a few stimulus intensities, and to only one electrode per subject. This small data set limits statistical treatment of the observations, so the findings should be viewed merely as supplementary to the main experiment.
Discrimination behavior (70-80% avoidance responses to the CS+ compared with 20-30% responses to the C S -for at least two consecutive 10-trial blocks) was achieved before posttraining RFs were obtained. Discriminative RF plasticity was found in all subjects. Figure 4 presents an example in which the BFwas 5.0 kHz, the CS+ was 7.0 kHz, and the C Swas 3.0 kHz (see Figure 4A , B). After discrimination training, responses to the frequency of the CS+ (and its adjacent frequency of 6.0 kHz) increased, whereas responses at the BF decreased and responses to the C S -frequency did not change ( Figure 4C-F) . Twenty-four-hour retention data indicated that the RF plasticity was still present 1 day after training (Figure 4D-F) .
RF effects were quantified for one intensity per subject, 40 (n = 2) or 50 (n = 2) dB. The CS+-BF ratio and C S --B F ratio were computed, and the difference in ratios (posttraining minus pretraining) was determined. To compare the effects of training on the CS+ relative to the C S -, the C S --B F change was subtracted from the CS+-BF change. Positive values indicate increased response to the CS+ relative to the C S -. All 4 subjects exhibited positive values (median = 1.752; range = 0.238-11.033). These findings are fully consistent with the results of the main experiment (i.e., response increase develops selectively to the frequency of the stimulus signaling shock and its response contingent avoidance and decreases to the BF and other frequencies.
Discussion
These findings demonstrate that CS-specific RF plasticity develops during one-tone avoidance conditioning. Responses to the frequency of the CS are increased relative to other frequencies, including the pretraining best frequency. Similar effects were observed during two-tone discrimination training, but these supplemental findings are merely suggestive. Associative processes appear to responsible. First, sensitization training (i.e., tone and shock unpaired) never causes RF plasticity but rather produces a general increase in response across the frequency RF (Bakin & Weinberger, 1990; Bakin, Lepan, & Weinberger, 1992) . Second, in the present experiment, avoidance behavior was under strict control of the training contingency. The behavior exhibited a normal learning curve, and avoidance behavior was maintained at a high level (see Figure 1) .
A second issue concerns the causes of CS-specific modifications of RFs. It might be thought that increased responses to the CS frequency during RF determinations were due to selective arousal during presentation of the CS frequency among all other frequencies. This possibility has been considered in detail previously in conjunction with studies of classical conditioning (Diamond & Weinberger, 1989) and can be dismissed for reasons that are summarized here. First, the latency of evoked discharges after CS onset is too short (10--40 ms) to be affected by putative CS-induced change in electroencephalographic state, which require at least 200 ms (Weinberger & Lindsley, 1964) . Second, responses to the frequency immediately after the CS frequency by 450 ms are unchanged Values reflect pretraining and 1-hour posttraining RFs obtained at several intensities• This cluster was nonmonotonic because the magnitude of the evoked responses increased from a threshold near 10 dB, were greatest at 40 dB, and weakened at 80 dB (pre-RFs, dashed lines). After a single session of one-tone instrumental avoidance training, the responses to the frequency of the conditioned stimulus (CS; 24.0 kHz) increased at each intensity. The difference functions (right column) reveal the increase at the frequency of the CS and decreases in the response to the pretraining best frequencies (BFs) at each intensity. At each of these intensities, the tuning of the cell shifted: The frequency of the CS became the posttraining BF.
or depressed, so that if the CS did produce an arousal, it would have had to be extremely brief (e.g., ~ 250 ms or less); this phenomenon has never been reported. Third, subjects trained while awake but whose RFs are obtained under general anesthesia also exhibit RF plasticity, yet they cannot be aroused during RF determination (Lennartz & Weinberger, 1992b; Weinberger et al., 1994) . Fourth, direct measures of arousal and behavioral state during RF determination reveal Table 1 
Effect of Avoidance Training on the CS-BF Ratio
Retention test Post-pre CS/BF Immediate 1 hr 1/mm and 1 hr Increased 13 / 25" * 14/22* 10/11 * ** Decreased 2/25" * 4/22* 0/11 ** * Note. The ratios given are the number of subjects exhibiting a statistically significant change out of the total number of subjects yielding data for each time point. CS = conditioned stimulus; BF = best frequency. *p < .05 (binomial test). **p < .01 (binomial test). ***p < .002 (binomial test).
no neural or behavioral changes of state (Diamond & Weinberger, 1989 ). The absence of arousal to the CS frequency during posttraining RF determination is probably due to the extreme differences in context between the training situation and the circumstances for determination of RFs. During avoidance training, the animal hears a 6-s tone, stands in a wheel within a distinctive experimental chamber, and is free to move. In contrast, RF determination takes place with the animal hearing series of brief (100 ms) tones of many frequencies, while it is in a hammock with its head stabilized, within a completely different type of acoustic chamber in a different laboratory location. In fact, a notable feature of RF plasticity is that it is expressed in contexts different from those in which it is acquired, whether they be sensory differences in animals trained and tested in different situations (Bakin & Weinberger, 1990; Diamond & Weinberger, 1989; or state differences in animals trained while awake but tested under anesthesia (Lennartz & Weinberger, 1992b; Weinberger et al., 1993) .
Role of Fear in Learning-Induced RF Plasticity
The current findings shed light on the role of fear in RF plasticity during aversive learning. It is already known that a fear state is not necessary for the maintenance of RF plasticity after learning because RF determination after classical conditioning occurs when fear is not present in the waking animal (Diamond & Weinberger, 1989) and when it cannot be present in the anesthetized animal .
However, a state of continual fear during training might be thought necessary for RF plasticity in avoidance learning. In aversive classical conditioning, the training situation produces conditioned fear, and this fear is present throughout training trials, as indexed by certain conditioned autonomic responses (e.g., changes in heart rate) and certain conditioned somatic responses (e.g., freezing; McAllister & McAllister, 1971) . However, fear is not continually present during successful avoidance training (Levis, 1989) . One widely accepted theory is that fear is conditioned to the entire duration of the CS and is, therefore, elicited during presentation of the entire CS. However, this elicitation of fear is stopped by the avoidance response because it terminates CS presentation. That is, fear is conserved during successful avoidance performance. One consequence is that avoidance behavior is very difficult to extinguish because fear is not completely elicited on avoidance trials and, therefore, cannot be extinguished by the omission of the shock (Solomon & Wynne, 1954) . There is direct experimental support for Solomon and Wynne's "fear conservation" hypothesis (Weinberger, 1965 ; for a review, see Levis, 1989 ).
The present experiment shows that RF plasticity is maintained after avoidance conditioning. Because fear is apparently not fully elicited during avoidance training, then the continual presence of fear during avoidance training, indeed the full elicitation of fear by the CS, is not necessary for the retention of learning-induced RF plasticity. The current findings thus provide another constraint on possible mechanisms of induction. Specifically, one should not assume, or seek as essential, neural substrates of continual CS-elicited fear as a necessary substrate of learning-induced RF plasticity.
Relation to Previous Findings
The RF plasticity observed here for avoidance conditioning has several characteristics. First, there are increased responses to the frequency of the CS relative to the best frequency (Figures 2-4) . Second, tuning can shift toward or even to the frequency of the CS (see Figures 3 and 4) . Third, there is a high degree of specificity. For example, frequencies a fraction of an octave from the CS exhibited no change or decreased response (e.g., see Figure 3 ). Fourth, CS plasticity is evident immediately after training and can be retained. In this study, the main retention interval was 1 hour; retention at 24 hours was evident in the small amount of such data obtained. Fifth, it is discriminative, with increased responses to the frequency of the CS + relative to the frequency of the CS-. These characteristics are the same as those previously reported for classical conditioning (Bakin & Weinberger, 1990; Weinberger, Ashe, & Edeline, 1994) . Therefore, the present findings extend the prior results from classical to instrumental avoidance learning (see also next section).
Learning-induced increased representation of CS frequencies in the auditory cortex, as revealed by metabolic studies during classical conditioning in the rat (Gonzalez-Lima & Scheich, 1986) and electrophysiological mapping during appetitive instrumental training in the monkey (Recanzone, Schreiner, & Merzenich, 1993) , may also be due to RF plasticity. In fact, on the basis of RF plasticity, we had predicted the type of expanded representation reported by Recanzone et al. (Weinberger et al., 1990a (Weinberger et al., , 1990b . Indeed, it is difficult to understand how expanded representation could occur except as a by-product of RF plasticity of cells distributed across the auditory cortex. The alternative that RF plasticity is formed in the medial geniculate and simply projected to the auditory cortex is untenable because the ventral medial geniculate nucleus, the lemniscal thalamic nucleus that has a precise representation of frequency, is unchanged by conditioning (Birt & Olds, 1981; Edeline, Dutrieux, & Neuenschwander-E1 Massioui, 1988; Gabriel, Saltwick, & Miller, 1975; Ryugo & Weinberger, 1978) .
Possible Mechanisms
We have previously formulated a model of the induction of RF plasticity for classical conditioning (Weinberger et al., Figure 4 . Two-tone discrimination training produces receptive field (RF) plasticity and is long lasting. (A) Peristimulus histogram (PSTH) recorded from a subject before training on an instrumental discrimination task. The RF was responsive to frequencies between 3.0 and 8.0 kHz; (the response at 9.0 kHz was an offset and not included in analysis of tuned onset-evoked discharges). The conditioned stimulus (CS+) was selected to be 7.0 kHz (filled arrow) and the CS-was selected to be 3.0 kHz (open arrow). (B) Quantified RF for PSTH in Figure 4A . The BF was 5.0 kHz. (C) Posttraining PSTHs for the same recording obtained 1 hour later. (D) Corresponding RFs. There was a marked increase in response to the CS+ frequency (filled arrow). (E) The RF difference functions quantify the increase in CS+ evoked activity (filled arrow). The largest increase was at (24 hours) or near (1 hour) the frequency of the CS. This increase is specific to the CS+ frequency, as the response to the CS-frequency did not change (open arrow). In addition, note the persistent decrease in response to the pretraining BF (filled arrow). 1990a, 1990b). Very briefly, it is hypothesized that convergent input to the auditory cortex from the ventral medial geniculate (frequency information), the magnocellular medial geniculate nucleus (CS-US convergence), and the nucleus basalis (cholinergic modulation operating at cortical muscarinic receptors) strengthens synapses for the CS frequency and weakens synapses for other frequencies in concordance with extended Hebbian rules. Studies from this and other laboratories have provided considerable support for this model at the levels of both circuits and synapses (e.g., Weinberger, 1995; reviewed in Weinberger & Ashe, 1996) .
The question arises as to whether the R F plasticity observed for instrumental avoidance conditioning is the same as observed for classical conditioning or is due in part or wholly to the successful learning of the instrumental contingency. If the former, then no new mechanisms need be postulated. If the latter, then hypothesized mechanisms of RF plasticity would also have to account for the role of the instrumental contingency and the learning thereof. Two considerations suggest that the mechanisms of RF plasticity in avoidance conditioning may be similar, if not identical, to those in classical conditioning.
First, as reviewed previously, the characteristics of RF plasticity in the two situations are the same. Second, avoidance conditioning involves an initial stage of classical conditioning. Thus, the beginning of training, before the emergence of avoidance behavior, constitutes classical conditioning (i.e., tone followed by shock). It seems reasonable that RF plasticity was induced by classical fear conditioning in early stages of the present experiment.
However, it is possible that instrumental conditioning does add something to the effects of classical conditioning. For example, instrumental training might produce plasticity in more layers of the auditory cortex, engage additional synaptic or intercellular mechanisms, and so on than does classical conditioning. The difficulty in approaching this problem lies with the fact that the avoidance conditioning cannot be instituted without a prior classical conditioning period. Much more extensive characterization of RF plasticity in avoidance conditioning will have to be undertaken to explore this issue.
